Detailed studies on the hydrolysis ofp-acetylphenyl sulphate and oestrone sulphate by rat liver preparations strongly indicate that arylsulphatase C and oestrogen sulphatase are the same enzyme. Liver is the richest source of both enzymes, which have identical intracellular distributions, being localized mainly in the microsomal fraction. Low oestrogen sulphatase and arylsulphatase C activities were present in foetal liver and these increased at a similar rate after birth. The activities ofthe enzymes in an ethionine-induced hepatoma were similarly low. Results of heat inactivation, mixed-substrate and competitiveinhibition experiments employing liver microsomal fractions were also consistent with one enzyme being involved. Oestradiol-17, 3-sulphate was also hydrolysed by microsomal preparations and activity towards both this substrate and oestrone sulphate was inhibited by oestrone and oestradiol-17,. The physiological significance of this inhibition is discussed.
Three arylsulphatase enzymes (aryl sulphate sulphohydrolase, EC 3.1.6.1) distinguishable by their relative substrate specificities, their tissue distribution and intracellular localization have been shown to exist in most mammalian species examined (Dodgson et al., 1955 Roy, 1958; Dodgson & Rose, 1970) . In rat liver two of the arylsulphatases (A and B) are localized mainly in the lysosome fraction of the cell (Viala & Gianetto, 1955) , whereas arylsulphatase C is present in the microsomal fraction in a highly insoluble form (Dodgson et al., 1954a (Dodgson et al., , 1957a , and is a useful marker for the membrane component of the endoplasmic reticulum of the rat liver cell (Milsom et al., 1968; Milsom & Rose, 1970) .
No physiological function has yet been assigned to arylsulphatase C, and non-physiological substrates (e.g. potassium p-acetylphenyl sulphate and potassium p-nitrophenyl sulphate) are employed for its assay. However, it is noteworthy that Hanahan & Everett (1950) (Dolly et al., 1971) . Several investigators have reported that rat and human tissues have the capacity to desulphate oestrone sulphate (see Pulkkinen, 1961; Notation & Ungar, 1969; Pack & Brooks, 1970; Schwers & Rodesch, 1963; Sandberg & Jenkins, 1966) , the responsible enzyme being localized in the microsomal fraction of the cell (Pulkkinen & Paunio, 1963; Zuckerman &Hagerman, 1969; French & Warren, 1966) . Nevertheless, it has not been established that the arylsulphatase C Vol. 128 and oestrogen sulphatase activities of rat liver are due to two distinct enzymes. There is some evidence which suggests that two separate enzymes are responsible for the hydrolysis of p-nitrophelyl sulphate and oestrone sulphate by human placental and rat kidney preparations (French & Warren, 1967; Zuckerman & Hagerman, 1969) .
In the present paper we describe the properties of rat liver oestrogen sulphatase and arylsulphatase C activities and present evidence that one enzyme is responsible for both of these activities.
Materials and Methods Materials
Chemicals. The sodium salts of oestrone [35S]_ sulphate and oestradiol-17, 3-[35S]sulphate were prepared (sp. radioactivity approx. 6mCi/mmol) as described by Dolly et al. (1971) . The potassium salts of p-acetylphenyl sulphate and p-nitrophenyl sulphate were synthesized by the method of Burkhardt & Lapworth (1926) as modified by Milsom et al. (1972) . Dipotassium 2-hydroxy-5-nitrophenyl sulphate (nitrocatechol sulphate), prepared by the method of 
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Paper electrophoresis. Samples (5,p) were subjected to electrophoresis on Whatman no. 1 paper with 0.1 M-sodium acetate-acetic acid buffer, pH4.5, for 2h at a potential gradient of 9V/cm.
Detection and measurement ofradioactivity. Radioactive spots were located and measured on electrophoretograms by scanning as described by Dolly et al. (1971) . The radioactivity of liquid samples (50 or 700jd) was counted with the Packard Tri-Carb (model 3375) liquid-scintillation spectrometer in 10ml of toluene-based scintillation fluid (1 litre of toluene, 5g of 2,5-diphenyloxazole and 500ml of Triton X-100).
Tisu homogenates. Crude whole homogenates were employed for the measurement of enzymes in vanous rat tissues and hepatomas. The homogenates were prepared by the procedure described by Milsom et al. (1972) .
For most of the other experiments reported in the present paper rat liver microsomal fractions were employed and were prepared as described by de Duve et al. (1955) except that the rats were not starved and the mitochondrial fraction was not isolated. The microsomal pellet was suspended in water (adjusted to pH7.0 with NaOH) at a concentration so that 1.0ml of suspension was equivalent to 1 g of liver, and was stored at -20°C; no losses of sulphatase activities were detected within 4 months.
Assay of oestrogen sulphatase and arysphatases A, B and C. The oestrogen sulphatase assay was based on the methods employed by Wengle (1964) and Mattock & Jones (1970) further check of the assay procedure, incubations were done as described above except that the reaction was terminated by immersing the tubes in a boilingwater bath for 30s. The samples were centrifuged, the inorganic [35S]sulphate was separated from the unhydrolysed 35S-labellIed ester by paper electrophoresis and the radioactivity ofeach component was measured by scanning the electrophoretograms as described previously. Both methods of assay agreed to within ±5 /0.
Arylsulphatase C activity was assayed by the method of as modified by Milsom et 4a. (1972) but employing one-fifth of the quantities stated. Similar assay conditions were employed with p-ntrophenyl sulphate as substrate except that a final concentration of 12mm-potassium p-nitrophenyl sulphate was used. Unless otherwise stated, p-acetylphenyl sulphate was always used as substrate.
The combined activities of arylsulphatases A and B (EC 3.1.6.1) were estimated by using nitrocatechol sulphate as described by Milsom et al. (1972) except that in the tissue-fractionation studies assays were performed in the presence of0.1 %(v/v) Triton X-100.
One unit of suiphatase activity is defined as the number of nmol of ester hydrolysed/h under the conditions used.
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Assay ofother enzymes. Rhodanese (thiosulphatecyanide sulphurtransferase, EC 2.8.1.1) was assayed as described by Rosenthal et al. (1950) and glucose 6-phosphatase (D-glucose 6-phosphate phosphohydrolase, EC 3.1.3.9) as outlined by de Duve et al. (1955) except that inorganic phosphate was determined by the method of Chen et al. (1956) .
One unit of rhodanese or glucose 6-phosphatase activity is defined as the number of ,umol of substrate hydrolysed/h.
Determination of protein and DNA. Protein was measured by the method of Gornall et al. (1949) with dry bovine serum albumin as standard. DNA was isolated by the procedure of Munro & Fleck (1966) and measured by the method ofGiles & Myers (1965) . Subcellular fractionation. This was performed essentially as described by de Duve et al. (1955) on lOg of liver obtained from two male rats that had been starved for 16h. All pellets were resuspended in 0.25 M-sucrose (containing 1 mM-EDTA and adjusted to pH7.0 with NaOH). Oestrogen sulphatase, arylsulphatase C and the marker enzymes were assayed on the freshly prepared fractions. All other measurements were made with samples that had been stored at -20°C.
Experimental and Results
Optimum conditions for oestrogen sulphatase activity ofcrude liver homogenates These were determined and subsequently employed in a survey of the general tissue distribution of the enzyme. Maximum activity in 0.07M-tris-HCl buffer was obtained at pH7.6-7.7 and at a substrate concentration of approx. 1OOUM (Fig. 1) . It is important to note that the inhibition by excess of substrate becomes very pronounced beyond the range shown in Fig. 1 (1953) . These differences were also reflected in Vol. 128 some of the other tissues examined although, in some cases, little difference was apparent (cf. Pulkkinen, 1961; .
Intracellular distribution of oestrogen sulphatase. The results of a typical rat liver distribution pattern are presented in Table 2 . Rhodanese, arylsulphatases A+B and arylsulphatase C were selected as marker enzymes for the mitochondrial, lysosomal and microsomal fractions respectively. DNA served as a chemical marker for the nuclear fraction. Oestrogen sulphatase was predominantly localized in the microsomal fraction and it was particularly significant that the relative specific activity ( % of enzyme recovered in each fraction divided by the % of protein recovered in that fraction; see de Duve et al., 1955) of this enzyme in the different fractions was always virtually identical with that of arylsulphatase C. In this type of experiment, the relative specific activity of these two enzymes was always rather high in the lysosomal fraction. However, this could be traced to contamination, and when a purer lysosomal fraction was isolated (see Milsom, 1970 ) the relative specific activities were much decreased although still identical.
Liver oestrogen sulphatase and arylsulphatase C activities during development
The development pattern of liver oestrogen sulphatase activity of male and female rats was virtually identical with that of arylsulphatase C ( Fig.  2; see Pulkkinen, 1961, and Milsom, 1970) . on oestrogen sulphatase activity of rat liver homogenates Experimental conditions were as described in the text except that 0.08M-sodium acetate-acetic acid was the buffer when enzyme activity was measured at pH 5.0 and 6.0. Enzyme activities ofmale rat hepatomas Oestrogen sulphatase, arylsulphatase C and glucose 6-phosphatase activities were lower in hepatomas than in normal male rat liver (Table 3) . The activities of the first two enzymes were decreased to the same extent. Low activities of arylsulphatase C and glucose 6-phosphatase have been observed in similar hepatomas in these laboratories (Fish, 1970) .
Effects ofadministration ofcyclic AMP, glucagon and actinomycin D on enzyme activities
Male rats were fed with a basic daily ration (15g/rat) of normal protein test diet (Nutritional Biochemicals Corp., Cleveland, Ohio, U.S.A.) to ensure that they were in nitrogen balance before the experiment. Compounds (dissolved in 1 ml of 0.95 % NaCl) were injected intraperitoneally at zero time and again at 6h. The animals were killed at 12h and the livers assayed for enzyme activities. Control rats were injected with 0.95 % NaCl only. In all cases the activities of oestrogen sulphatase and arylsulphatase C were similarly affected, irrespective of the compound administered. However, glucose 6-phosphatase activities in the cases of cyclic AMP and actinomycin D appeared to be independent of those of the sulphatase ( phenolic esters. However, the latter compounds were hydrolysed at an apparently greater rate. It is noteworthy that, under conditions where the lysosomal arylsulphatases A and B are known to be completely inhibited (i.e. in phosphate buffer at high pH values), the microsomal preparations showed some activity towards nitrocatechol sulphate. Zuckerman & Hagerman (1969) have claimed that rat kidney microsomal preparations cannot hydrolyse this ester.
Effects ofincubation andpreincubation temperature. The optimum temperature of incubation was identical for the hydrolysis of oestrone [35S]sulphate and p-acetylphenyl sulphate (Fig. 3a) . The temperature-inactivation curve in the absence ofsubstrate was virtually the same for the two activities (Fig. 3b) . In the latter experiment microsomal suspensions (2.1 mg of protein/ml of water at pH7.0) were incubated in the absence of substrate for 15 min at different temperatures. After rapid cooling in an ice-bath they were assayed for both enzyme activities in the normal way.
Mixed-substrate experiments. The rates of hydrolysis of p-acetylphenyl sulphate and oestrone
[35S]sulphate by rat liver microsomal fractions were measured (0.1 M-Na2HPO4-NaH2PO4 buffer, pH 8.0) for each substrate alone and when both substrates were present together. The results were then compared with the theoretical value calculated on the assumption that one enzyme catalyses the desulphation of both substrates. The Km values for oestrone [35S] sulphate and p-acetylphenyl sulphate were first determined for the particular microsomal preparation to be employed. Values of 1IOuM and 6.7mM respectively were obtained. The relative concentration (defined-as the ratio of the substrate concentration to the Ki) ofeach substrate subsequently selected for the assays was 3.0. Assuming that both substrates were hydrolysed by a single enzyme, the observed velocities (va and Vb) for each substrate when assayed alone were then employed to calculate the theoretical velocity (vt) which should be observed when the substrates are mixed together, by using the expression (Dixon & Webb, 1964 Fig. 4 French & Warren, (1967) , although demonstrating that oestrone sulphate and p-nitrophenyl sulphate were inhibitors of each other's hydrolysis by human placental 'solubilized' enzyme preparations, claimed that the inhibition was not competitive in either case. Similar findings were made by Zuckerman & Hagerman (1969) for rat kidney microsomal preparations and these authors concluded that the two substrates were competing for two different catalytic sites.
Unequivocal proof of the existence of one enzyme must await its purification and this is likely to prove difficult. Attempts to obtain soluble preparations active towards p-acetylphenyl sulphate have been made by Dodgson et al. (1957a,b) . Although a pseudo-soluble preparation was obtained by treatment of the microsomal pellet with the non-ionic detergent Lissapol-N, and a soluble preparation of low activity was obtained by treatment ofmicrosomal fractions with crude pancreatic enzymes in the presence of Lissapol-N, preliminary studies with similar preparations have proved unhelpful. For example, rat liver microsomal fractions treated with Lissapol-N and washed with acetone as described by Dodgson et al. (1959) contained 21 % of the original arylsulphatase C activity but only 7.5 % of the oestrone sulphatase activity. Similarly, addition of Lissapol-N to such 'washed' preparations only slightly increased the arylsulphatase C activity (1.3-fold) but increased that towards oestrone
[3S5]sulphate considerably (3-fold) . This may well indicate that lipid material removed from the membranous component of the microsomal preparation may be of very different significance with respect to the hydrolysis of the small and relatively non-lipophilic substrate, p-acetylphenyl sulphate, than to the hydrolysis of the larger, relatively lipophilic steroid sulphate. In this connexion it is noteworthy that the truly soluble arylsulphatase of Alcaligenes metakcaligenes (Dodgson et al., 1954b) readily hydrolyses p-acetylphenyl sulphate and p-nitrophenyl sulphate but is without appreciable activity towards oestrone [35S]sulphate (J. 0. Dolly, unpublished work) . Similarly, the soluble lysosomal arylsulphatases A and B show no significant activity towards oestrone [35S]sulphate (J. 0. Dolly, unpublished work) . Therefore at present reservations must be made about the results of any experiments with oestrogen sulphate esters if the integrity of the lipid component of the endoplasmic reticulum is markedly disturbed.
The finding of Zuckerman & Hagerman (1969) that rat kidney was the most active source ofoestrogen sulphatase activity is difficult to understand. This is not attributable to differences in the strain of rats used since we have found liver to be the organ richest in activity in Wistar rats as well as in animals of the M.R.C. hooded strain. Moreover, in the latter strain we have shown the liver to be the site of the desulphation in vivo of injected oestrone [35S]sulphate (Dolly et al., 1971) .
The common identity of oestrogen sulphatase and arylsulphatase C would cert4inly help to clarify further the anomalous position of the arylsulphatase enzymes since their natural substrates are largely unknown. The physiological significance of oestrogen sulphatase to the rat is not clear although the amount present in the liver is sufficient to deal with quite high concentrations of oestrone [35S]sulphate (Dolly et al., 1971) . Possible clues to the significance may come from the findings that oestrone and oestradiol-17,B were good product-inhibitors of the hydrolysis of their sulphate esters. This inhibition appeared to be complex in nature and it proved difficult to determine Kg values. However, oestradiol-17fi seemed to be a much better inhibitor than oestrone. It could be argued that this type of product inhibition indicates that the enzyme is concerned in some delicate regulation of free oestrogen concentrations. It is tempting to relate this possibility to the suggestions of Sunshine et al. (1971) about the role of oestrogens in the binding of ribosomes to the endoplasmic reticulum of the rat liver.
